We investigate the micromechanical exfoliation and van der Waals (vdW) assembly of ferromagnetic layered dichalcogenide Fe 0.25 TaS 2 . The vdW interlayer coupling at the Fe-intercalated plane of Fe 0.25 TaS 2 allows exfoliation of flakes. A vdW junction between the cleaved crystal surfaces is constructed by dry transfer method. We observe tunnel magnetoresistance in the resulting junction under an external magnetic field applied perpendicular to the plane, demonstrating spin-polarized tunneling between the ferromagnetic layered material through the vdW junction.
Recently, studies on two-dimensional (2D) materials such as graphene, hexagonal boron nitride (h-BN), and transition metal dichalcogenides (TMDs) have received considerable attention [1, 2] . These materials exhibit layered structure in the bulk form, and the van der Waals (vdW) force connects each of the layers. Thus, these crystals can easily be exfoliated down to monolayer and used to construct heterostructures of different 2D materials connected by vdW force [3] . Metal, semiconductor, and insulator 2D materials have been studied, and various functional electronics and opto-electronics devices have been demonstrated with these materials [4] [5] [6] [7] . Further, these 2D materials could be potentially applied in the field of spintronics [8] ; for example, long-distance spin transport has been demonstrated in graphene/h-BN heterostructures [9] , and spin polarized tunneling has been demonstrated through graphene [10] and h-BN [11, 12] . In these experiments, the source for the spin-polarized electrons is a ferromagnetic metal fabricated by the evaporation technique; thus, the interface between the ferromagnetic and non-magnetic materials involves chemical bonding. On the other hand, the vdW interface does not require any chemical bonding at the junction, in principle. Therefore, layered ferromagnetic 2D materials could possibly be used for constructing vdW heterostructures with spintronic functions. Moreover, the vdW hetrostructure could provide another degree of freedom that has not been possible in the conventional spintronics device; such as controlling the interlayer twist [13, 14] and building single-crystalline heterostructures free from the lattice mismatch problem [3] . These unique features of vdW heterostructure provide significant advances in spintronics applications. Several theoretical studies have explored ferromagnetic 2D materials [15, 16] ; however, vdW heterostructures have not been realized with ferromagnetic 2D materials.
In this study, we show the mechanical exfoliation and dry transfer of an Fe-intercalated TMD material, Fe 0. 25 TaS 2 , and demonstrate the construction of a magnetic tunnel junction (MTJ) by connecting cleaved flakes with vdW force. The fabricated vdW-MTJ exhibited perpendicular magnetic anisotropy, and we demonstrated a tunnel magnetoresistance (TMR) signal of 6%. Our results present a significant step in the realization of spintronics devices with only vdW materials.
The crystal structure of Fe 0.25 TaS 2 is schematically illustrated in Fig. 1(a) . The Fe atoms are intercalated in the vdW gap of the TaS 2 crystals and maintain 2H-type layer stacking [17] . The material properties of Fe x TaS 2 are well known in its bulk form, where Fe x TaS 2 shows ferromagnetic ordering accompanied by strong perpendicular magnetic anisotropy when x ranges between 0.15 and 0.45 [18, 19] . The ferromagnetic ordering is strongest at x = 0.25 due to the formation of the Fe sub-lattice structure; thus, the highest ferromagnetic transition temperature T C of ~160 K can be achieved at this Fe composition.
Previous studies revealed carrier-mediated Ruderman-Kittel-Kasuya-Yoshida (RKKY) interaction between Fe local moments [20] and the anomalous Hall effect of this material [21] , suggesting spin polarization in the conduction electrons of Fe x TaS 2 . Further, the micromechanical exfoliation of Fe 0.28 TaS 2 down to ~100 nm has been reported recently [22] . These results suggest that Fe x TaS 2 could be suitable for constructing vdW heterostructures and for injecting spin-polarized electrons across the vdW interface.
To fabricate the vdW-MTJ, Fe 0.25 TaS 2 crystals were synthesized using the iodine vapor transport method [23] . The fabricated Fe 0.25 TaS 2 crystals are mechanically exfoliated to ~100-nm-thick flakes. Using the room temperature dry-transfer technique [24] , cleaved surfaces of different flakes are subsequently connected with vdW force, as shown in Fig have finite polarization with the direction opposite to that of the Fe atoms [20, 28] .
In addition, the bias dependence of the magnetoresistance signal is measured, as shown in Fig. 4 . The magnetoresistance signal decreases with increasing bias voltage, and the change is nearly symmetric for the polarity of the bias. Such bias dependence further suggests that the observed magnetoresistance signal is due to the TMR effect. To examine the reproducibility of the TMR effect, we fabricated three vdW junctions using the same fabrication method and revealed that all of these devices display a similar range of the TMR ratio ( Figure 4 
